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MONOCLONAL ANTIBODIES, SYNTHETIC AND BIOTECHNOLOGICAL 
DERIVATIVES THEREOF ACTING AS NGF-ANTAGONIST MOLECULES 



The present invention relates to monoclonal antibodies, to 
5 synthetic and biotechnological derivatives thereof, acting as NGF- 

antagonist molecules. 

More particularly the invention relates to a monoclonal antibody, 
to synthetic and recombinant derivatives thereof able to recognise and 
bind the high affinity tyrosine kinase receptor of NGF (Nerve Growth 
10 Factor), named as TrkA, and act as antagonist for the binding of NGF to 
TrkA The invention also concerns diagnostic and therapeutic uses of such 
molecules, and related compositions. 

Neurotrophins are a family of peptide growth factors (Barde, 
1994), structurally related to the first member of the family, NGF (Nerve 
15 Growth Factor, Levi-Montalicini, 1987). Neurotrophins modulate neuronal 
differentiation and survival, as well the synaptic transmission, both of 
peripheral neurons and of the central nervous system. Furthermore NGF 
acts on various non neuronal tissues and cells, as immune system cells. 

NGF acts through two membrane receptors present in the 
20 target cells, the low affinity p75 receptor, and the 140 kDa high affinity 
transmembrane glycoprotein, TrkA (Kaplan et al., 1991. Klein et al., 1991), 
having a tyrosine kinase activity. TrkA is expressed in neural-crest 
neurons, in sympathetic neurons as well as in cholinergic neurons of the 
basal fore-brain and corpus striatum, where it represents the crucial 
25 mediator of NGF activities (Holtzman et al., 1992; Verge et al., 1992). TrkA 
is also expressed in some non neuronal tissues and cells, including B 
lymphocytes (T orcia et al., 1 996). 

Prior art suggests the potential use of NGF for the treatment of 
various neurodegenerative pathologies, including Alzheimer's disease 
30 (Lindsay et al., 1994; Ebendal et al., 1991), and other pathologies, as 
diabetes mellitus and leprosy (Anand et al.. 1996). However initial clinical 
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tests were discouraging, complicated by delivery difficulties, by the 
pharmacokinetics in the central nervous system, and by NGF negative 
agonist properties towards other peripheral targets, out of the central 
nervous system, which lead to excessive and undesired stimuli. 
5 Therefore there is the need to develop antagonist molecules 

selective for the interaction NGF-TrkA receptor and pharmacologically 
active derivatives thereof, which are easily delivered. 

Furthermore, the NGF over-production in various inflammatory 
conditions was related to the increase of pain sensitivity of the primary 
10 afferent nociceptors, thus contributing to the occurrence of a chronic pain 
condition. The population of sensorial neurons that are sensitive to tissue 
damages (nociceptors) is particularly NGF-dependent. In addition, 
considering the disadvantages and limitations of the two existing analgesic 
drug classes (non steroidal anti-inflammatory drugs and opiates), the 
15 provision of a new different target, as NGF, represents a progress in the 
art (Snider and McMahon. 1998). And further, as suggested by Levine 
(Levine, 1998) NGF provides a potential target for the design of new 
therapies of the pain, specially those resulting from inflammatory or 
neuropathic conditions, for which conventional drugs are less effective. 
20 Finally new studies showed a direct relation between pain and TrkA 
system demonstrating, in four unrelated cases of type 4 pain chronic 
insensitivity. with anhidrosis, the presence of mutations of the TrkA gene 
and consequently the absence of functional NGF receptors (Indo et al., 
1996; Wood, 1996). 

2 5 Accordingly the NGF-TrkA system provides a potential target to 

design pain therapies, i.e. treatments able to antagonise the pain 
neuropathic syndrome by means of TrkA-effective antagonists (Levine. 
1998; Snider and Mcmahon, 1998). 

The aberrant expression of the TrkA receptor mRNA was 

30 related also to neoplastic pathologies. The prognosis of TrkA expressing 
tumours, the -imaging" diagnostic and the therapy as well represent an 
application area of antibodies having an high affinity for TrkA. As a matter 
of fact, in these tumours TrkA binding agents represent useful tools of the 
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clinical diagnosis, prognosis and therapeutic treatments (Kramer et al., 
1997). 

Recombinant antibodies (Vaughan et al., 1998) represent 
starting reagents of choice for the development of small molecule 
mimicking their activity (Le Sauteur et al., 1995). 

A TrkA-agonist monoclonal antibody was described by Le 
Sauteur et al., 1996 and in PCT application No. W097/21732. The agonist 
activity of the only disclosed antibody (5C3) makes it not suitable for the 
aims of the present invention and in all the situations wherein the hyper- 
activation of the TrkA receptor must be avoided. PCT application No. 
W097/21732 discloses the use as "imaging" diagnostic of the agonist 
antibody 5C3. However this antibody, due to its agonist activity, can not be 
used for the above application, unless the receptor activation is not 
hampered. 

Therefore it is clear the need for the development of new 
molecules suitable to interfere with the binding of NGF to TrkA, to provide 
new therapeutic activities and, particularly, to provide a TrkA antibody 
acting as antagonist and then ideal for blocking the receptor activation by 
endogenous ligand (NGF), and having no activation activity of the 
receptor. Furthermore the antibody could be advantageously used for the 
development of reagents, i.e. synthetic and recombinant fragments 
blocking the NGF-TrkA interaction. 

The author of the present invention isolated various monoclonal 
antibodies able to interact with the NGF-receptor, named TrkA. Among 
these an antibody, named MNAC13, acts as a strong antagonist of TrkA, 
by inhibiting the binding of NGF to TrkA. This antibody represents a very 
effective tool in preventing the functional activation of TrkA by NGF in a 
variety of biological systems. 

The antibody was derived by congenic immunization of Balb/C 
mice, with a human native TrkA receptor expressed on Balb/C 3T3 cells. 
The screening was based on the ability of the antibodies to inhibit the 
binding of NGF to TrkA-expressing cells. This led to the isolation of 
antibodies able to bind TrkA at its NGF-binding domain, thus preventing 
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the binding of NGF. The antibody MNAC13 is very effective in preventing 
the functional activation of TrkA by NGF in different biological systems. 
The author of the present invention cloned also the genes enacoding the 
variable regions of the MNAC13 antibody and, by means of recombinant 
5 DNA techniques, assembled such regions in a functional polypeptide of 
reduced size (single chain Fv fragment, scFvMNAC13). confirming that it 
retains the properties of the parental antibody. 

An agonist antibody means an antibody able to activate the 
receptor antigen in the absence of the native ligand of the receptor itself. 
10 An antagonist antibody means an antibody directed against the 

active site of the antigen receptor and able to inhibit the activity of the 
natural ligand being in competition with the latter for binding to the 
receptor itself. 

Synthetic and biotechnological derivatives of an antibody mean 
15 any engineered fragment, synthesised by chemical or recombinant 
techniques, which retain the functional properties of the antibody. 

It is an object of the present invention a monoclonal antibody, 
synthetic and biotechnological derivatives thereof, able to recognise and 
bind the high affinity tyrosine kinase receptor of NGF (Nerve Growth 
20 Factor), named as TrkA, and act as antagonist for the binding of NGF to 
TrkA. 

According to a preferred embodiment, the antibody of the 
invention has the light chain variable region essentially consisting of the 
sequence from aa. 23 to aa. 1 34 of SEQ ID No. 2. 
25 According to a further preferred embodiment, the antibody of 

the invention has the heavy chain variable region essentially consisting of 
the sequence from aa. 152 to aa. 276 of SEQ ID No. 2 

According to a further preferred embodiment the 
biotechnological derivative of the invention is a ScFv fragment comprising: 
30 a) the light chain variable region of the antibody of the invention 

or functional derivatives thereof, and 

b) the heavy chain variable region of the antibody of the 

invention or functional derivatives thereof. 
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Preferably the ScFv fragment comprises a linker sequence 
between light chain and heavy chain variable regions. More preferably the 
ScFV fragment has essentially the sequence of SEQ ID No. 2. 

It is a further object of the invention a synthetic or 

5 biotechnological derivative of the monoclonal antibody which comprises at 
least one region determining the complementarity of the antibody (CDR) 
and which is able to act as antagonist for the binding of NGF to TrkA. 
Preferably the region is within the variable region of the heavy chain, more 
preferably the region is comprised in the sequence from aa. 152 to aa. 276 

10 of SEQ ID. No. 2. 

It is within the scope of the present invention a nucleic acid 
encoding the antibody or derivatives thereof of the invention. Preferably 
the nucleic acid encodes the ScFv fragment of SEQ ID No. 2, more 
preferably the nucleic acid has the sequence of SEQ ID No. 1 . 

15 The nucleic acids of the invention can be advantageously used 

as transgenes to obtain non human transgenic animals, preferably mice, 
wherein the antibody is expressed in an inducible way, or under the 
control of promoters which determine the expression in the adult animal. 
These animals can be advantageously used to study and test drugs for 

20 human pathologies wherein the NGF/TrkA interaction is inhibited and, 
particularly, neurodegenerative pathologies. Transgenic non human 
animals can be obtained with standard techniques, i.e. as described in 
Allen etal., 1987. 

Transgenic models (Smeyne et al., 1994) based on the 

25 repression of the TrkA gene show a lethal phenotype within 1-2 weeks 
from birth, and are then unsuitable to study TrkA in the adult and aged 
nervous system. Antibody expressing transgenic animals are disclosed by 
Piccioli etal., 1991, 1995. 

It is within the scope of the present invention a phage or a 

30 prokaryotic vector comprising and able to express correctly and effectively 
the nucleic acid of the invention. 

It is within the scope of the present invention a recombinant 
eukaryotic vector comprising and able to express correctly and effectively 
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the nucleic acid of the invention, as well as a pharmacological composition 
comprising the recombinant vector for gene therapy of neurological 
pathologies. Pathologies comprise, but are not limited to, the following 
group: chronic pain, acute pain, neuromas, TrkA expressing neoplastic 
5 tumours. 

It is within the scope of the present invention a pharmacological 
composition comprising an effective amount of the monoclonal antibody of 
the invention, or of synthetic and biotechnological derivatives thereof, able 
to recognise and bind to the high affinity tyrosine kinase receptor of NGF 

10 (Nerve Growth Factor), named as TrkA, and act as antagonist for the 
binding of NGF to TrkA, and a pharmaceutical^ acceptable carrier. The 
composition of the invention can be advantageously used for the treatment 
of neurological pathologies comprised, but not limited to, the following 
group: chronic pain, acute pain, neuromas, TrkA expressing neoplastic 

15 tumours. 

In consideration of the fact that NGF may have some undesired 
collateral effects in therapy, the invention relates also to a pharmaceutical 
composition comprising pharmaceutical^ active amount of NGF and of the 
antibody or derivatives thereof according to the invention. Such 
20 composition should be able to inhibit at peripheral level the undesired 
effects of NGF. 

It is a further object of the present invention engineered cells 
able to express the antibody of the invention or biotechnological and 
synthetic derivatives thereof, as well a pharmacological composition 
25 comprising said cells for gene therapy of neurological pathologies 
comprised but not limited to the following group: chronic pain, acute pain, 
neuromas, TrkA expressing neoplastic tumours. 

In view of the specificity of the antibody of the invention and in 
the absence of undesired inducing effects, it can be advantageously used 
30 in a composition for in vivo "imaging" diagnostics. 

The present invention will be described with reference to 
exemplifying, but not limiting, embodiments thereof. Reference will be 
done to the following Figures. 
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Figure 1 Inhibition of binding of 125 I-NGF to TrkA* B alb/C 3T3 cells. 
Hybridoma supernatants were pre-incubated with TrkA+ Balb/C 3T3 cells, 
prior to the addition of 125 I-NGF. The histogram reports the inhibition of 
specific binding NGF-cell by different antibodies. The specific binding was 
5 evaluated by subtracting from the total binding that obtained in the 
presence of an excess of unlabelled NGF. The values reported are the 
mean of triplicates. 

Figure 2. MNAC13 recognises the extracellular dom ain of the TrkA 
receptor . Soluble TrkA and TrkB receptors, engineered as 

10 immunoadhesins, were used as solid phase antigens for an ELISA assay 
and incubated with 2 or 20 ng/ml of purified MNAC13 antibody. 
Figure 3 MNAC13 recognises the TrkA receptor on living cells . Balb/C 3T3 
or TrkA+ Balb/C 3T3 cells were incubated with MNAC13 antibody and 
subjected to FACS analysis. 

15 Figure 4 MNAC13 labels the TrkA receptors on rat basal forebrain 
neurons . Coronal sections of P10 rat basal forebrain were incubated in the 
presence (A) or in the absence (B) of MNAC13 antibody. Scale bar: 98 
\im. 

Figure 5 MNAC13 inhibits the NGF induced differentiation of rat PC12 
20 cells . PC12 cells were transferred to serum-free medium and incubated in 
the absence (A) or in the presence (B, C and D) of 20 ng/ml NGF for about 
4 days. The MNAC13 antibody (4 ug/ml) inhibits completely NGF-induced 
survival and differentiation, while the control antibody 9E10 does not (D). 
Figure 6 Implant of MNAC13 secreting cells in the ra t brain significantly 
25 reduces the number of cholinergic basal forebrain neurons . The 
cholinergic phenotype of P9 rat basal forebrain neurons was determined 
by immunoreactivity with the choline acetyltransferase (ChAT), further to 
intraventricular implant of MNAC13 ibridomas (B) of control myeloma (A) 
cells at P2 day. Note the marked reduction of the number of ChAT positive 
30 neurons in MNAC13 implanted rats (B). Scale bar. 65 urn. 

Figure 7 Recombinant forms of MNAC13 mAB bind TrkA . Phages with 
scFvMNAC13 (A), soluble scFvMNAC13 (B) and the parental monoclonal 
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antibody MNAC13 (C) were used in an ELISA assay using TrkA 
immunoadhesin as solid phase antigen in the presence of increasing 
concentrations of competing soluble TrkA-immunoadhesin. ■: ten-fold 
dilution of the antibody with respect to * 
5 Figure 8. Inhibition of NftF-induced n eurite growth of PC 12 cells by the 
recombinant antihnriv ScFvMNAC13 . Periplasmic fraction containing the 
recombinant ScFvMNAC13 (B) or ScFv control fragment (antifox ScFv) 
were added, together with 10 ng/ml of NGF to PC12 cells induced for 7 
days with 50 ng/ml of NGF and plated again at the beginning of the assay. 
10 The recombinant ScFvMNAC13 antibody in B inhibits the re-growth of 
neurites in replated NGF induced PC12 cells, mediated by the activation of 
TrkA by NGF. 
METHODS 
Immunization protocol 
15 Balb/C 3T3 transfected cells, expressing 10 6 human TrkA 

molecules per cell were used in a congenic immunization protocol. Three 
groups of female Balb/C mice were immunized with 10 5 , 5x10 5 and 10 6 
living cells per mouse, respectively. After five injections at two week 
intervals pre-fusion sera were tested for their ability to inhibit the binding of 
20 NGF to the TrkA receptor on TrkA+ Balb/C 3T3 cells. The greatest 
inhibition of NGF binding was found in the sera from mice injected with 
5x1 0 5 cells (binding inhibition at a 1/100 dilution). 
Hvbridoma production 

Three days after a boost injection of TrkA+ Balb/C 3T3 cells, 
25 the mice were sacrificed, the spleens removed and splenocytes were 
fused to NSO myeloma (10:1 ratio) with polyethylene glycol (PEG 1500), 
as described (Novak et a!.. 1991). The hybridoma growth and selection 
were performed according to standard metohds (Galfre and Milstein. 
1981). 

30 Inhibition of 125 l binding to T *A+ Ralb/C 3T3 Cells 

2,5 S NGF was purified from mouse submandibular glands and 
was iodinated to a specific activity of 10 5 cpm/ng as described (Cattaneo 
et al. 1983). 5x1 0 4 TrkA+ Balb/C 3T3 cells were plated in each well of 96 
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20 



25 



well microplates in a volume of 50 ^il of culture medium (DMEM with FCS 
1 0%) . Aiiquots of 50 fj.I of hybridoma supernatant were incubated for 1 
hour with cells, folowed by the addition of the 125 I-NGF solution (5x1 0 4 
cpm/well). The plates were processed as described (Cattaneo et al., 
1988). Non specific binding was determined in parallel wells, in the 
presence of an excess (5 jag/ml) of unlabelled NGF. In parallel wells the 
binding was carried out in the presence of a non relevant hybridoma 
supernatant (Rab50) or of neutralizing anti-NGF (mAB aD11, Cattaneo et 

al., 1988). 
ELISA 

Soluble TrkA and TrkB receptors were engineered as 



immunoadhesins (Chamow and Ashkenazi, 1996) by linking the 
extracellular domain of the human TrkA receptor to the Fc portion of lgG2, 
constituted of a sequence of 35 amino acids, followed by CH2 and CH3 
domains. The DNA sequences coding for the TrkA and TrkA 
immunoadhesins (TrkA-IgG and TrkB-IgG) were cloned into baculovirus 
(Autographa Califonica nuclear polyhedrosis virus, AcNPV) for expression 
in insect cells (Baculogold transfection kit, Pharmingen Ing.) and the 
proteins were purified by Protein A-Sepharose chromatography from 
serum free culture medium of High Five insect cells. For ELISA assay 
TrkA-IgG and TrkB-IgG were incubated at 2 ug/ml and then with 2 or 20 
ng/ml of MNAC13 and anti mouse IgG, previously pre-absorbed on camel @ 
immunoglobulins. 
Immunofluorescence Analysis 

MNAC13 monoclonal antibody was purified from serum free 
hybrodoma supernatants by Protein A-Sepharose chromatography. 5x1 0 4 
TrkA+ 3T3 Balb/C cells were incubated with MNAC13 purified antibody 
and analysed on an activated cell sorter (FACS). For immunofluorescence 
adherent cells were fixed with 3,7 % paraformaldehyde in PBS, incubated 
with purified MNAC13, followed by FITC labelled anti mouse IgG and 
analysed by confocal microscopy (Olympus). 
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NGF biological assay with PC12 cells 

Rat PC12 cells (Greene and Tischler, 1976) were cultured in 
RPMI with 10% heat inactivated horse serum and 5% FCS. For the 
bioassay the cells were transferred in serum free medium and incubated 
5 with 20 ng/ml NGF for 4 to 6 days, in the presence or in the absence of 
MNAC13 antibodies or of its single chain recombinant Fv version 
(scFvMNAC13). Alternatively the cells were incubate with 50 ng/ml of NGF 
for one week and then were mechanically removed from neurites for re- 
plating in the presence of 10 ng/ml of NGF and the addition of the 
1 0 appropriate antibody. The neurite growth was scored 24-48 hours later. 
@ Intraventricular hvbridoma injection s and immunochemistry 

Intraventricular hybridoma injection and analysis of the 
cholinergic phenotype of basal forebrain neurons were performed 
essentially as described (Molnar et al.. 1997 and 1998). Briefly MNAC13 
15 hybridoma cells and control myeloma cells (P3X63Ag8) cells were re- 
suspended in Hank (HBBS) solution at 2x10 s cells/ul and injected into the 
right lateral ventricle of Wistar rats as described (Molnar et al., 1998). The 
injection was carried out at postnatal day 2 (P2) and the animals were 
sacrificed for analysis at P8 day. After perfusion under anaesthesia the 
20 brains were processed for aChAT immunohystochemstry as described 
(Molnar et al. 1997 and 1998). The level of MNAC13 antibodies in the 
cerebrospinal fluid (CSF) was determined by ELISA assay using soluble 
TrkA receptors as solid phase antigens. 

For immunochemistry with MNAC13 the animlas were 
25 anaesthetized with ether a perfused with PB (0,1 M, pH 7,4) followed by 4 
% paraformaldehyde/PB at 4°C for 2 hours. After dissection the brains 
were fixed in 4 % paraformaldehyde/PB at 4°C for 2 hours, transferred in 
25 % sucrose/PBS, then frozen in isopentane at-20°C and sectioned with 
a cryostat. The coronal sections containing the basal forebrain were 
30 collected on gelatinized slides and stored at -20°C until processing. After 
blocking non specific binding in a solution of 10 % FCS/5 % BSA in Tris 
HCI 0.1M pH 7.4, 0,05% Triton-100 the sections were incubated overnight 
at 4°C with anti-TrkA (6 ug/ml) in 10% FCS/2% BSA in Tris HCI 0,1M, pH 
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7.4, 0,05% Triton X-100. The next days the sections were incubated with 
anti-mouse IgG biotynilated for 2 hours at room temperature and for 1 
hour in ABC kit (Vector). The reaction was developed in 3,3'- 
diaminobenzidine HCI. After dehydration the sections were mounted in 
5 DPX. 

Cloning of the variable regions of mAb MNAC1 3. 

The cloning of the variable regions of the mAb MNAC13 was 
carried out from hybridoma mRNA by variable region PCR. Variable region 
PCR was carried out with a set of oligonucleotide primers for mouse 

10 immunoglobulins (Krebber et al., 1997). The amplified VH and VK variable 
regions were assembled in a scFv format by PCR and cloned into pDNA 
vector (Bradbury et al., 1996). After finger printing analysis with BstNl 
restriction endonuclease, which confirmed a limited diversity of the 
resulting scFVs, phage particles displaying scFV fragments were 

15 subjected to ELISA using TrkA-IgG as solid phase antigen. The assay was 
developed with secondary HRP-coupled anti M13 antibodies. Positively 
identified phages were further assayed and finally used to produce soluble 
scFv fragments in E. coli . Bacterial supernatants were assayed by ELISA 
against TrkA-IgG, using a monoclonal antibody against SV5 tag (Hanke et 

20 al., 1992) present in the scFv fragment, followed by HRP-conjugated anti 
mouse IgG. 
RESULTS 

Production and characterization of a monoclona l antibody that inhibits the 
binding of NGF to TrkA 

25 in order to produce antibodies able to interfere with the 

neurotrophin binding activity of the TrkA receptor was used a congenic 
immunization protocol. Balb/C-3T3 cells expressing the human TrkA 
receptor produced by transfection of the human trk proto-oncogene were 
used for the immunization di Balb/C mouse. The number of cells was 

30 found to be critical for the induction of serum antibodies neutralizing NGF 
binding to target cells. 

The hybridoma supernatants were assayed for their ability in 
inhibiting the binding of 125 l to 3T3-TrkA+ cells. Out of 1266 wells in which 
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hybridoma growth was occurring only 4 showed a NGF neutralizing 
activity. The corresponding cells were subcloned obtaining MNAC13, C30, 
C191 and C232 clones. The ability of the antibodies produced by these 
clones to inhibit the binding of NGF to 3T3-TrkA+ cells is showed in Figure 
5 1. These anti-TrkA antibodies inhibit the binding of NGF as efficiently as 
the neutralizing anti-NGF aD11 antibody (Figure 1). While the latter binds 
the active site of NGF the former binds the TrkA receptor, most likely at or 
near to the NGF recognising site. The IgG MNAC13 antibody was selected 
for further studies. 

10 The inhibition of NGF binding is obtained by a direct interaction 

of the antibodies with the extracellular portion of the TrkA receptor, as 
demonstrated by a variety of binding studies on a soluble form of human 
TrkA receptor, engineered as immunoadhesin (Chamow and Ashkenazi, 
1996) in which the extracellular portion of the receptor is fused to the FC 
15 domains of the camel immunoglobulins (see Methods). Figure 2 shows 
that MNAC13 antibody binds the TrkA immunoadhesin in an ELISA assay, 
while it does not react with TrkB immunoadhesin. This confirms that the 
MNAC13 antibody binds specifically to the extracellular portion of TrkA. 

Figure 3 shows the result of a FACS analysis on 3T3 TrkA+ 
20 cells demonstrating that the MNAC13 antibody interacts with the human 
receptor expressed on the membrane of living cells. An 
immunofluorescence analysis confirms this result. 

The species specificity of MNAC13 antibodies was tested on 
the base of its ability to recognise TrkA receptors on rat neurons. Sections 
25 of rat brains were taken form the basal forebrain region (Figure 4) which is 
rich in TrkA positive neurons. The intense staining obtained in the basal 
forebrain with MNAC13 antibody (Figura 4A) shows that this antibody, 
obtained against the human TrkA receptor, recognises also its rat 
counterpart. The antibody does not stain brain regions such as the medial 
30 habenular nuclei, known to be lacking of positive TrkA neurons 
(Holtzmann et al., 1995). 
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Functional block of TrkA-mediated biological actions b v MNAC1 3 antibody 
The ability of MNAC13 antibody to inhibit in vivo the biological 
activation of the TrkA receptor by the NGF ligand was therefore studied in 
PC12 cells in vitro (Figure 5) as well as in vivo (Figure 6). 

The NGF-induced differentiation of PC 12 cells (Figure 5B) is 
completely inhibited by incubation of the cultures with MNAC13 antibody 
(Figure 5C), as compared to incubation with a non relevant antibody 
(Figure 5D). 

The cholinergic neurons of the basal forebrain are a well known 
target for NGF action in the central nervous system (Korsching, 1986; 
Holtzman et al., 1992). The hybridoma cells secreting the MNAC13 
antibody were implanted in the lateral ventricle of neonatal rats two days 
after birth and the cholinergic phenotype of the neurons was studied a 
week (P9) later by immunohistochemistry with antibodies against 
cholineacetyltransferase (ChAT). This experimental approach has been 
used recently to study the effects of implanted cells secreting the anti-NGF 
monoclonal antibody aD11 (Berardi et al., 1994; Molnar et al., 1997 and 
1998). One week after the implant the level of anti-TrkA antibodies found 
in the cerebrospinal fluid, determined by ELISA, was of 1,4 ng/nl. The 
results in Figure 6 show that the number of ChAT positive cells is 
dramatically reduced in the brains implanted with the anti-TrkA antibody 
with respect to the controls (injected with a non relevant myeloma). A 
quantitative evaluation of the number of the positive ChAT neurons 
showed that this number is reduced by 70 % in the medial septum and by 
77% in the diagonal band of rats implanted with MNAC13 antibody, with 
respect to the controls. An extension of this study to various post-natal 
ages, comparing the effects obtained in a previous study, with implant of 
cells secreting an anti-NGF neutralizing antibody (Molnar et al., 1997, 
1998) showed that the deprivation effects of the cholinergic system of the 
basal forebrain obtained with the anti-TrkA MNAC13 antibody are much 
more severe. 

Isolation of a recombinant functional for m of mAB MNAC13 with a 
significantly reduced size 
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In order to expand the range of application the variable regions 
of this antibody were cloned and engineered into a recombinant antibody 
of smaller size. 

The cloning of the variable regions of monoclonal antibodies 
5 from the corresponding hybridoma can be complicated leading to the 
cloning of artifactual variable regions. Therefore the author used the 
technique according to Winter et al. (1994). The variable heavy (VH) and 
light (VL) regions of the MNAC13 antibody were amplified by PCR from a 
cDNA derived from hybridoma mRNA using mouse IgG specific 
10 oligonucleotide primers. The variable regions were assembled into single 
chain Fv (scFv) by PCR and cloned into pDAN vector to allow the 
expression of antibody fragments cloned on the surface of filamentous 
phage. ScFv fragments represents a biotechnological derivative of the 
original antibody (Bird et al., 1988) and consist of the variable light and 
15 heavy regions joined to a linker peptide which links the C terminus of the 
VL region to the N terminus of the VH region. The nucleotide sequence of 
ScMNAC13 specific fragment is showed in SEQ ID No. 1. The amino acid 
sequence is showed in SEQ ID No. 2 in which the VL region is from aa. 23 
to aa. 1 34, the VH region is from aa. 1 52 to aa. 276. 
20 T he CDRs (regions determining the antibody complementarity) 

are three for each chain, and particularly. 

VL CDR1 aa. 46-55 of SEQ ID No. 2; 
VL CDR2 aa. 71-77 of SEQ ID No. 2; 
VL CDR3 aa. 1 10-1 1 19 of SEQ ID No. 2; 
25 VH CDR1 aa. 176-185 of SEQ ID No. 2; 

VH CDR2 aa. 200-216 of SEQ ID No. 2; 
VH CDR3 aa. 249-262 of SEQ ID No. 2. 

The sequence of the light and heavy variable regions of the 
MNAC13 antibody was compared to that of the antibody described in 
30 patent application PCT No. WQ97/21732, as showed in Tables 1 and 2. 
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Table 1 Alignment of the light chain of 5C 3 and MNAC13 

38 

DILQTQSPAILSASPGEKVTMTCRASSSVSYMHWYQQK 

5 I II II I I i I II I I I 

MKYLLPTAAAGLLLLAASGAHADIVLSQSPAIMSASLGEEITLTCSASSSVSYMHWYQQK 

60 
98 

PGSSPKPWIYATSNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCQQWSSNPLTFG 

10 I ! I I it M I I I I M I I I I I M I I I I M I IN MO 

SGTSPKLLIYTTSNLASGVPSRFSGSGSGTFYSLTISSVEAEDAADYYCHQWSSYPWTFG 

120 

105 
AGTKLEI 
'15 I I I I I I 

GGTKLEIKRSGGST 
134 



20 



25 



Table 2 Alignment of the heavy chain of 5 C3 and MNAC13 



54 

VQLQESGT VLARPVGASVKMSCKASG YT FT SYWMHWVKQRPGQGLEWI GAI YPG 

I M Ml I M 

SSSGTEVKLMESGGGLVQPGGSLKLSCA-ASGFTFSTYTMSWARQTPEKRLEWVAYISKG 

59 
111 

DSDTSYNQKFKGEAKLTAVTSTSTAYMELSSLTNEDSAVYYCTL YGNYESYYAMDYW 

III Ml Ml MM 

GGSTYYPDTVKGRFTISRDNAKNTLYLQMS SLKSEDTALYYCARGAMYGNDFFYP-MDYW 

118 

30 121 

GQGILSHRLL 
I I I 

GQGTSVTVSSASG 
131 

35 

The PCR assembled ScFV fragments were expressed on the 
filamentous phage, as fusion to the p3 phage protein. The minilibrary of 
phage particles was screened by an ELISA assay on phages using the 
TrkA immunoadhesin as solid phase antigen. This led to the isolation *>f 

40 positive phages which express on their surface the ScFv version of the 
MNAC13 parental antibody (scFvMNAC13). The binding properties of this 
phage, as well as those of the scFv soluble fragment derived form this 
phage were characterized by a competition ELISA assay (Figure 7). The 
TrkA immunoadehisin was coupled in solid phase and incubated with 

45 MNAC13 expressing phage particles (Figure 7A), with ScFvMNAC13 
soluble antibody (Figure 7B) or with parental MNAC13 antibody (Figure 
7C), in the presence of increasing amounts of competing soluble TrkA 
immunoadhesin. The results confirm the ScFv version of the parental 
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monoclonal antibody either on phage or secreted by E^cgli binds TrkA as 
efficiently as the parental monoclonal antibody. 

The biological activity of ScFVMNAC13 was tested on PC12 
cells. The cells were incubated for one week with 50 ng/ml of NGF. after 

5 which they were replated in the presence of NGF and the antibody 
ScFVMNAC13 fragment. As shown in Figure 8 ScFVMNAC13 fragment 
inhibits dramatically the extension of neurites from PC12 cells, confirming 
that the recombinant single chain Fv of the MNAC13 antibody retains the 
neutralization properties of the parental antibody. The small size of this 

10 single polypeptide antibody expands the range of applications of the 
antibody of the invention facilitating its delivery and expression within the 

nervous tissue. 
Nociception Test 

The MNAC13 antibody was used in a nociception test for determination of 
15 the pain sensitivity by "hot plate test". The experiment was carried out 
according to McMahon et al. (1995), using the antibody MNAC13 as 
immunoadhesin. The antibody was infused subcutaneously into hind paw 
of an adult rat for a period of three weeks or by an osmotic mini-pump. 
The nociception sensitivity was evaluated at intervals using hot plate test 
20 (Eddy and Leimbach, 1953), which mimics hyperalgesia situations 
following inflammation or partial damage to the nerve. The nociceptive 
stimulus induces in such a case a response (paw licking and/or jumping) 
which presumes an integrated coordination higher than simple reflex. 
According to the test the animal is put in a pen having a plate heated to 
25 the desired temperature as base, usually 56°. The latency of any of two 
responses (paw licking and jumping) is measured in control animals 
(treated with non relevant antibody) and in those treated with anti-TrkA 
antibody. The result of the experiment demonstrated the occurrence of a 
remarkable hypoalgesia, as pointed out by a significant increase of the 
30 latency in the MNAC1 3 treated group. 
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CLAIMS 

1. Monoclonal antibody, synthetic and biotechnological 
derivatives thereof, able to recognise and bind the high affinity tyrosine 
kinase receptor of NGF (Nerve Growth Factor), named TrkA, and act as 

5 antagonist for the binding of NGF to TrkA. 

2. Monoclonal antibody, synthetic and biotechnological 
derivatives thereof according to claim 1 wherein the variable region of the 
light chain has essentially the sequence from aa. 23 to aa. 134 of SEQ ID 
No. 2. 

10 3 Monoclonal antibody, synthetic and biotechnological 

derivatives thereof according to claim 1 wherein the variable region of the 
heavy chain has essentially the sequence from aa. 152 to aa. 276 of SEQ 
ID No. 2. 

4. Monoclonal antibody, synthetic and biotechnological 
15 derivatives thereof according to any of previous claims wherein the 

variable region of the light chain has essentially the sequence from aa. 23 
to aa. 134 of SEQ ID No. 2 and the variable region of the heavy chain has 
essentially the sequence from aa. 152 to aa. 276 of SEQ ID No. 2. 

5. A ScFv fragment of the monoclonal antibody according to 
20 any of previous claims comprising at least one variable region of the light 

chain or of the heavy chain of the antibody as described in claim 1 . 

6. The ScFv fragment according to claim 5 comprising variable 
region of the light chain and of the heavy chain of the antibody as 
described in claim 1 . 

25 7. The ScFv fragment according to claim 6 comprising a linker 

sequence between the variable region of the light chain and the variable 

region of the heavy chain. 

8. The ScFv fragment according to claim 7 wherein said ScFv 

fragment has essentially the sequence of SEQ ID No. 2. 
30 9. Synthetic or biotechnological derivative according to claim 1 

comprising at least one region determining the complementarity of the 
antibody (CDR) and which is able to act as antagonist for the binding of 
NGF to TrkA. 
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10. Synthetic or biotechnological derivative according to claim 9 
wherein said region determining the complementarity of the antibody 
(CDR) and which is able to act as antagonist for the binding of NGF to 
TrkA is within the variable region of the heavy chain from aa. 152 to aa. 

5 276 of SEQ ID. No. 2. 

11. Nucleic acid coding for the antibody or derivatives thereof 

according to any of preceding claims. 

12. Nucleic acid according to claim 11 encoding the ScFv 

fragment of SEQ ID No. 2. 
10 ~ -i 3 . Nucleic acid according to claim 12 having essentially the 

sequence of SEQ ID No. 1 . 

14. Use of nucleic acid according to any of claims 11-13 for the 
production of non human transgenic animals, preferably mice, wherein the 
antibody or derivative thereof according to claims 1-10 is expressed in 

15 inducible way or under the control of promoters which determine the 
expression in the adult animal. 

15. Non human transgenic animal being trasformed with a 
nucleic acid according to claim 11-13, said nucleic acid being expressed in 
inducible way or under the control of promoters which determine the 

20 expression in the adult animal. 

16. Phage or prokaryotic recombinant vector comprising and 
able to express correctly and effectively the nucleic acid according to any 

one of the claims 11-13. 

17. Recombinant eukaryotic vector comprising and able to 
25 express correctly and effectively the nucleic acid according to any one of 

the claims 11-13. 

18. Pharmacological composition comprising an effective 
amount of vector according to claim 17 and a pharmaceutically acceptable 
carrier for gene therapy of neurological pathologies comprised within but 

30 not limited to the following group: chronic pain, acute pain, neuromas, 
TrkA expressing neoplastic tumours. 

19. Pharmacological composition comprising an effective 
amount of the monoclonal antibody or synthetic or biotechnological 
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derivatives thereof according to any of claims 1-10, able to recognise and 
bind the high affinity tyrosine kinase receptor of NGF (Nerve Growth 
Factor), called TrkA. and to act as antagonist for the binding of NGF to 
TrkA and a pharmaceutical^ acceptable carrier. 
3 20. Pharmacological composition according to claim 19 for the 

treatment of neurological pathologies comprised within but not limited to 
the following group: chronic pain, acute pain, neuromas, TrkA expressing 

neoplastic tumours. 

21. Pharmaceutical composition comprising pharmaceutically 
0 active amounts of NGF and of the antibody or derivatives thereof 

according to any of claims 1-10. 

22. Eukariotic engineered cells able to express the antibody or 
derivatives thereof according to any one of claims 1-10. 

23. Pharmacological composition comprising cells according to 
5 claim 22 and a pharmaceutically acceptable carrier for gene therapy of 

neurological pathologies comprised within but not limited to the following 
group: chronic pain, acute pain, neuromas, TrkA expressing neoplastic 
tumours. 

24. Composition comprising an effective amount of the 
!0 monoclonal antibody or synthetic or biotechnological derivatives thereof 

according to any of claims 1-10, able to recognise and bind the high 
affinity tyrosine kinase receptor of NGF (Nerve Growth Factor), called 
TrkA, and to act as antagonist for the binding of NGF to TrkA and a 
diagnostically acceptable carrier for use in in vivo "imaging" diagnostics. 
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SEQUENCE LISTING 

<110> Societ... Italians per la Ricerca Scientifica srl 

<120> Anticorpi monoclonali . . . 

<130> Novach 

<140> 
<141> 

<160> 2 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 888 
<212> DNA 

<213> human ScFv antibody 

<220> 

<221> CDS 

<222> (1) - - (888) 

iJq°aaa tac eta ttg cct acg gca gec get gga ttg tta tta etc gca 48 

~ _ . _ 1 _ ^ "I - . T % T 1 Toil 7A I ^4 



dLU aaa uaw w^ w www ^ ^ — -* - _ n 

Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala 

10 is 



1 5 



gca age ggc gcg cat gec gat att gtt etc tec cag tct cca gca ate 

Ala Ser Gly Ala His Ala Asp He Val Leu Ser Gin Ser Pro Ala He 
20 25 30 

atg tct gca tct eta ggg gag gag ate acc eta ace tgc agt gec age 

Met Ser Ala Ser Leu Gly Glu Glu lie Thr Leu Thr Cys Ser Ala Ser 



35 



40 45 



teg agt gta agt tac atg cac tgg tac cag cag aag tea ggc act tct 
Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Ser Gly Thr Ser 

55 60 



50 



ccc aag etc ttg att tat act aca tec aac ctg get tct gga gtc cct 
Pro Lys Leu Leu He Tyr Thr Thr Ser Asn Leu Ala Ser Gly Val Pro 



65 70 



tct cgc ttc agt ggc agt ggg tct ggg acc ttt tat tct etc aca ate 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Phe Tyr Ser Leu Thr He 

90 95 



85 



agt agt gtg gag get gaa gat get gec gat tat tac tgc cat cag tgg 
Ser Ser val Glu Ala Glu Asp Ala Ala Asp Tyr Tyr Cys His Gin Trp 

105 110 



100 



agt agt tat cca tgg acg ttc ggt gga ggc acc aag ctg gaa ate aaa 
Ser Ser Tyr Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
115 120 I 25 

cgt tec gga ggg teg acc ata act teg tat aat gta tac tat acg aag 
Arg Ser Gly Gly Ser Thr He Thr Ser Tyr Asn Val Tyr Tyr Thr Lys 
130 135 140 

tta tec teg age ggt acc gag gtg aag ctg atg gag tct ggg gga ggt 
Leu Ser Ser Ser Gly Thr Glu Val Lys Leu Met Glu Ser Gly Gly Gly 

1 



96 



144 



192 



240 



288 



336 



384 



4 32 



480 
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145 ISO 



155 



160 



tta ata caa cct gga ggg tec ctg aaa etc tec tgt gca gec tct gga 528 
Leu 111 Gin Pro lly ITy Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly 



165 



ttc act ttc agt acc tat acc atg tct tgg get cgc cag act cca gag 
Phe ?hr He llr Thr Tyr Thr Met Ser Trp Ala Arg Gin Thr Pro Glu 



180 



185 



aaa aaa eta gag tgg gtc gca tac att agt aaa ggt ggt ggt agt acc 
Lys Arg Leu 111 Trp ?.l La Tyr He Ser Lys Gly Gly Gly Ser Thr 



195 



200 



tac tat cca gac act gta aag ggc cga ttc acc ate tec agg gac a at 
Tyr Tyr Pro Lp Thr Sal Lys Gly Arg Phe Thr lie Ser Arg Asp Asn 
* 215 220 



210 



gee aag aac acc ctg tac ctg caa atg age agt ctg aag tct gag gac 
fit Lys Asn Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp 
~~«- oin 235 



225 230 



aeg gec ttg tat tac tgt gca aga ggg get atg tat ggt aac gat ttt 
Thr Ala Leu Tyr Tyr Cys Ala Arg Gly Ala Met Tyr Gly Asn Asp Phe 



245 



ttc tat cct atg gac tac tgg ggt caa gga acc tea gtc acc gtc tec 
lit Tyr S Me? Asp Tyr T?p Gly Gin Gly Thr Ser Val Thr Val Ser 
260 265 

tea act aac age aaa cca ate cca aac cca ctg ctg ggc ctg gat agt 
Ser £ Ser lly Lys Pro He Pro Asn Pro Leu Leu Gly Leu Asp Ser 
275 280 285 

act cac cat cac cat cac cat tag 
Thr His His His His His His 
290 295 



576 



624 



672 



720 



768 



816 



864 



888 



<210> 2 
<211> 295 
<212> PRT 

<213> human ScFv antibody 



Me t°Ly S Tyr Leu Leu Pro Thr Ala Ala Ala Gly Leu Leu Leu Leu Ala 

?ro 

To " 30 



Ala Ser Gly Ala His Ala Asp He Val Leu Ser Gin Ser Pro Ala He 



Met Ser Ala Ser Leu Gly Glu Glu He Thr Leu Thr Cys Ser Ala Ser 

35 40 45 

Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Ser Gly Thr Ser 

50 55 60 

Pro Lys Leu Leu He Tyr Thr Thr Ser Asn Leu Ala Ser Gly Val Pro 

65 70 75 

Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Phe Tyr Ser Leu Thr He 



85 



90 
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ser Ser val Glu Ala GIu Asp Ala Ala Asp Tyr Tyr Cys His Gin Trp 

100 105 
Ser Ser Tyr Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 

115 I 20 
Arg Ser Gly Gly Ser Thr He Thr Ser Tyr Asn Val Tyr Tyr Thr Lys 

130 135 
Leu Ser Ser Ser Gly Thr Glu Val Lys Leu Met Glu Ser Gly Gly Gly 
145 150 155 

Leu val Gin Pro Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly 

165 170 
Phe Thr Phe Ser Thr Tyr Thr Met Ser Trp Ala Arg Gin Thr Pro Glu 

T on 185 



180 

Lys Arg Leu Glu Trp Val Ala Tyr lie Ser Lys Gly Gly Gly Ser Thr 
195 

Tyr" Tyr Pro Asp Thr Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asn 

210 215 
AU Lys Asn Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp 
225 230 235 

Thr Ala Leu Tyr Tyr Cys Ala Arg Gly Ala Met Tyr Gly Asn Asp Phe 
245 250 

Phe Tyr Pro Met Asp Tyr Trp Gly Gin Gly Thr Ser Val Thr Val Ser 

•• " - 265 



260 



Ser Ala Ser Gly Lys Pro He Pro Asn Pro Leu Leu Gly Leu Asp Ser 
275 280 

Thr His His His His His His 
290 295 
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